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An investigation was conducted in the Langley two-

dimenslonal low-turbulence pressure tunnel of SIX airfoil
sections f’orthe wing of the Vega XP2V-1 al~planem Two
of these sections, the HACA 652-515 (modified) a = 1.0
and the Lockheed D-12A airfails were tested as possible
tip sections and the remaininq four, the

. .

[

a= 1.O, cz~ = 0,5

}

NMA 65(318~-419 a = 0.8, CL+ = -0.5 , the NACA 2418, the
a =.0.5, c~- = 0.4

iLockheed D-20B,and the Vega a rfoil were tested as ~ossible .
root sections for the wing of the subject airplane, The
Vega airfoil was also teqted with a 30-percent chord
Fowler type flap. ‘The general aerodynamic characteristics
were determined for each of these airfoils in a smooth
condition and with standard leading-edge roughness. The
tests of the airfoil-flap model were made to determine the
effect of a flap gap seal and Reynolds number on the lift
characteristicsfor intermediate flap deflections and to
determine the best gap dimension for a flap deflection
of 32°.

.
The results indicate that the aerodynamic character-

istics of no one airfoil in the smooth condition were
superior in all respects to those obtained for
other airfoils as shown by the following table
acteristics obtained at a test Reynolds number

any of the
of char-
Of 9,000,0008
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Airfoil ‘$ ‘hlle.x%dn ym~l: ;;; o~mo,
o

NACA*2-515
(modified)a -1.0 0.1081.6550.00430.250to o.74h -0.086

LookheedD-12A ● 1091.555 .0047 .5OOto .84o -.o~

MA q318) -419

[ 1a=1,0,Ozi - O*5 .
a = 0.8,Oz

\

= -0.5
i

●112l.L@ .0046-.MO to .650 -●047
a - 005,Oq - O*4

LooldmedD-20B .1031.330 .ool@----------------.063

NACA2418 ● lo31.475 .0068----..-..A--:---.Ou

Vega(modified)2@ .098l.l+lfl.0053----------------.951

The addition of leading-edge roughness produced marked
separation effects and-the-resul~an’tinbrease in drag

1.

.

,

co~fficierltwas of sufficient magnitude that the “air~oils,
with the exception ofmthe NACA 2418 and the Lockheed D-12A,
were considered as unconservative sections. The ma~lmum
lift coefficient, for flap deflections greater than’8°,
was appreciably increased when the flap gap seal was”
removed and the greatest maximum lift coefficient for a
flap deflection of 32°.was obtained with a gap dimension
equal to 2-7 percent of the airfoil chord.

INTRODUCTIO1i

At the request of the Bureau of Aeronautics, Navy
Department, an investigation was carried out in the
I&mgley two-dimensional low-turbulence pressure tunnel
to determine the aerodynamic characteristics of six
plain airfoil sections for the wing of the Vega XP2V-1 alr-
~lane. One
modified to
type flap.

of these sect~ons,a Ve~a airfoil,~-aslater
include tests with a 30-percent chord Fowler
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The investigation of the plain airfoils consisted
of-testis’to‘determine-the-l~ft;”-drag,and.pitching-
moment characteristics of the airfoil sections and to
obtain some data concerning the sensitivity of these
sections to leading-edge roughness. The investigation
of the airfoil-flap model included tests to determine the
effect d’ a flap gap seal and Reynolds number on the lift
characteristics of the model with the flap partially
deflected and also to determine the best gap setting for
the maximum flap deflection of 32°.

C%n

c2~

cl

Czmx

Aczmx

c%/4

Cma.c.

“ dcl

q

R

ao

q.

LIST OF SYMtiOLS “

section drag coefficient (d/qc)

minimum section drag coefficient

section design lift coefficient

section lift coefficient (z/qc)

maximum seetlon lift coefficient

maximum section lift coefficient Increment .

section pitching-moment coefficient about

airfoil quarter-chord point
()
%
qc2

section pitching-moment coefficient about the

()

%Caerodynamic center -++
qc

slope of the lift mrve per degree of angle of
attack

Reynolds number

section angle of attack

free-stream dynamic pressure

c airfoil chord

(.)J&
2

. . —-
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x

Y

d

z

m

P

distance along chord measured from the leading
edge; horizontal position of the aerodynamic
c~qter

.dist&cd above or below chord line, positive when
above chord line; vertical position of the
aerod~namtc center

drag per unit span .

lift per unit span

moment per unit span

alr density

MODELS AND TESTS

The airfoil models tested were of wood construction
and had a chord of 24 inches. The 30-percent-chord
Fowler flap wkich was tested with the Vega airfoil section
was constructed of dural.uminand was furnished by the
Vega Aircraft Company. A sketch of’the various airfoil
profiles are shown in f’iEure1 and the ordinates are
presented in tables.I to VI. The major differences in
the various airfoil sections is shown by the plot of the
profiles presented in figure 1. The XACA 652-515
(modified) a = 1.0 airfoil was obtatned by combining a
modified RACA 652-015 basic thicknesr distributio~ and a
mean line of the type a = 1.0 havi~ a design llft coef-
ficient of 0.50 The modiflcatiortof the basic thickness
distribution consisted of removing the cusp and substi-
tuting a ~traiflht-linefairing from.the 60-porceqt station
to the traili~, edge. The Ve:a airfoil was a modified
NACA 2419 airfoil section. Essentially the modification
of the NACA 2419 airfoil consisted of changfng the position
of the maximm thickness fro~,0.30 to 0.38 of t’hechord
a~.dusing a smaller leadi~-edge rad.icsto arrive at a
section which would resemble a low-dre: airfoil. A com-
parison of the profiles of tintsmodified .~ecti.onand a
conventional TACA 241S airfoil is sh~wn in figure 2. A
sketch showing the general arrangement of the Vega airfoil-
flap model, flap profile, flap ordinates, and gap dimen-
sions is presented in i’imre 3.

The general aerodynamic characteristics of the plain
airfoils were determined for Reymlds numbers of
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3,000,000, 6,000,000, and 9,000,000 with correspondhg
values of the Mach number.of 0..108,.0.144,and 0.158.
The lift and drag characteristics.at a Reynolds number
of 6,000,000 were also determined with standard rough-
ness applied to the leadlng edge of each of the airfoil
sections. The standard roughness applied to these models
was the same as that described in refereuce 1. The lift
charactei-lsticsof the Vega airfoil-flap model were, with
one exception, obtained at a Reynolds number of 9,000,000.
To determine what scale effect would be obtained on this
model for flap deflections of 0°, 4°, 8°; 16°, and 24°, .
additional lift characteristicswere obtained for one gap
configuration for a Replds nuniberof 6,000,000.

Corrections for the wind-tunnel-vail effects were
made by the following equations where the primed quantities “
represent the aerodynamic coefficients mea~ured in the
tuime1:

a. = 1.015ao’
o~ w (().955- o.34g)ozf

Od M (1 -o.~~@)Od’

Airfoil

NACA @j2-515(modified)a - 1.0

Looheed D-124

{

a - 1*O,c2i- 0.5 1a - 0.8, Ozi - -0.5N~A&j(3m)-419 a .0.5, c2i

-094 J

LockheedD-20B

IWOA 2@8

Vega

77

● 264

.220

.370

.426

.376

.38o

A correction has also been a~~lied to the data
presented In this report for the ~~creased blocking effect
at angles of attack in the neighborhood of maximum lift.
This correction for the increased blocking effect reduces
the maximum lift coefficient measured In the tunnel by
approximately 1.5 percent= A full explanation of these
corrections and a discussion of the accuracy of routine
airfoil tests are presented in the appendix of reference 1.
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RESULTS AND DISCUSSION

The section lift, drag, and pi.tching-uoment character-
istics of the tip sections are presented in figures 4
and 5; slmllar characterl~tics for each of the four root
sections are presented In figures 6 through 9. The
results obtained from tests to determine the scale effect
on the Vega-airfo!l-flap model with the flap gap sealed
are presented in i’igure10. The lift characteristics for
this model with tileflap gap open are presented in fi~-
ure 11. The results obtained from the tests to determine
the best gap aettlng for the airfoil fiap model ~ith the
fl~p at a maximum deflection of 32° are presented in
figLre 12. Tbe variation of maximum lift with flap
deflection for ali test confiEaratlons of the flap model
is presented in figure 13.

Plain aZrfoilq.- The NACA 652-515 (modified) a = 1.0
airfoil S~CtiOIl ri’ig.4) was tested as a possible tip
section for the wing of the Vega :J?2V-1alr~lan.e. The aerody-
namic characteristics of this sectfl.on,as would be expected,
approximate those for an NACA 652-415 airfoil (reference 1)
stnce both sections have the same thlcl{nessand somewhat
slmllar pressure distributions. A comparison, at a
Reynolds number of 9,000,0Q0, between the 3ACA 652-515
(modified) a = 1.0 airfoil and the l!ACA652-415 airfoil of
reference 1 shows that the ~ax~~Lu~ lift coefficients for
both sections were approximately the same; the minimum
drag and the pitching-moment coefficients of the
NACA 652-515 (r.edified)a = 1.0 airfoil were, howsver, some-
what

?
~eeter than those obtained far the I!ACA652-415 air-

foil reference 1). The greater pitching-moment and higher
drag coefficients for the XACA 652-515 (modified) a = 1.0
al~foil may be attributed to the higher camber and the
modified basic thichess dlst~ibution of this airfoil
section. It can be seen in ftgure 4 that the application
of rou@mess to the leading e~e of’the %rACA652-515
(modified] a = 1.0 a?-ri’~il.reduced the lift-curve slope
and caused some loss In lift coefficient at all positive
sngles of attack. ?he figure also SEOVTSthat the addition -
of leading-edge rou@ines~ reduced the maximum llft coef-
ficient fror. cz = 1.565 to Cz = 1.225 and increased
the minmum drag coefficient from Cd = 0.0045 to
cd = 0.0104. These ‘mlues are approximately the same as
would be obtained from a rough conventional airfoil of
squal thlclcnesaand would be considered as normal effects

— ——.. --, .,. . — I .-. — — ,. , m ,,. ,.



MR No. L5121 7
.“

of roughness; the very rapid Increase In tiag coefficient
for lift”coefficients grea@r than c = 0.6,—.

i
however,

indicates.the onset’of’m&ked ‘a-epa’r”a-ton e~fe”cts.-If It
is assumed that the airplane would have a normal wing and
power loading and that i.nthe crutse condition the wing
would operate at a llft coefficient of approximately 0.6,
the NACA 652-515 (modified) a = 1.0 airfoil would In all
probability be an unconservative section for this airplane
wing because for l~fts greater than cz = 0.6 the drag
c~efficients with leading-edge roughness were excessively
high. A more complete definition of an unconservative
airfoil and a detailed discussion of the method used to
detemine whether or not a section is unconservative can
be found in reference 1.

The tests results of the Lockheed D-12A airfoil (fig. 5)
shows that the aerodynamic characteristics of this section
compares favorably with those obtained for the
NACA 64 -412 airfoil of referenco 1.

*
This section was

chosen or purposes of comparison because it Is equal in
thic~ess and kas approximately the same design lift coef-
ficient as the Lockheed D-12A airfoil. A comparison between
the Lockheed Z-12A and the XACA 641-412airf0ils (reference 1)
shows that, for all Reynolds numbers tested, the maximum
lift coefficient Is”canslderably lower for the
Lockheed D-12A airfoil. The ~ata also shows tiaatthe
minimum value of the drag coefficient and the ra~e of lift
coefficients for low &.tagare approximately the same for
both airfoils; the pitching-moment coefficients, however,
are somewhat smaller for the Lockheed D-12A airfoil. The
addition of roughness to the leading edge of the
Lockheed D-12A airfoil reduced the maximum lift coefficient
from cz = 1.490 to Ct = 1.250 and Increased the mini-
mum drag coefficients from cd = 0.0046 to cd = 0.0097.
These changes fn lift and drag coefficients are similar
to those obtained under the same test conditions, for the
?{ACA641-412 airfoil and the conventional airfoils of
reference 1. Furthermore the increase in drag c~efficient
with increasing positive lift indicates that only normal
progressive separation effects are evident and the airfoil
can be considered as a conservative airfoil section.

. .

The HACA 65(318)-419
a = 1.0, cz~ = 0.5

a = 0.8, Czi =

.}

-0.5 airfoil was one
a = 0.5, Cll = 0.4
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of several airfoils investigated for use as a possible
root section for the wing of the XP2V-1 airplane. A
comparison of the aerodynadq characteristics of this
atrfoil with those obtained from tests of the other
airfoils (see figs. 7, S, and 9) shows that, in general,
the maximum lift coefficients of this section were higher
at all Reynolds numbers than those obtained with either
the Lockheed D-203 or the Vega airfoil. The maximum
lift coefficients for this section were, however, lower
than those obtainable ~:iththe NACA 2418 airfoil section.
The minimum drag coefficient of this NACA 65-series airfoil
was lower at all Reynolds numbers than those obtained with
ay of the other three root sections. The drag coeffi-
cients for this airfoil at low negative lift coefficients
are about the same as those Por any of the other three
airfoils; the drag coefficients for lift coefficients
greater than c = 9.8, however, are excessively high.

1These excessive y high drag coefficients and the abrupt
changes tn the lift-curve slope at these lift coefficients
may be attributed to a partial breakdown of flow over the
airfoil upper surface. The addition of rcugh.nesscaused
a loss in the lift coefficients, a preatly reduced llft-
curve slope, and a very rapid increase in dra~ coeffi-
cient near maxhmm lift. This indicates that the addition
of leadlrqpedge roughness caused a further breakdown of
the flow over the airf’stland showed that this YACA 65-
series section was Unconserative.

Yhe maximum lift coefficients far the Lockheed 3-203
airfoil for Reynolds numbers of 6,000,000 and 9,000,000
were considerably lower than those obtained for the
lTKA 65 series, the NACA 2418 airfoil, and the Vega airfoil
,sections, The drag coefficients obtained for this section
for lift coefficients Greater tilac cz = 0.2 are, in
general,,lower than those obtainable with any of the other
root sections. The minimum drag coefficients for tlnis
section were approximately the s~me as those fon the
NACA 65-series airfoil and were considerably lower than
those obtained with either the Vega or the VACA 241!3air-
foil sections. Tb.epitching-moment coefficients about the
aero&~&nic center obtained for this airfoil were slightly
hi~her than the Cma.c. values obtained for the WCA 65-
series, NACA 2418, or the Vega airfoil 9ections. The
Lockheed D-20B airfoil”was very sensitive to leading-edge
roughness as.shown by the large cka~e in the Iii’t-curve
slope, the very low maximum lift coefficient, and the
excessively high drag coefficients at lift coefficients
greater than @.6. These characteristics are typical of

I
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airfoils showing marked separation effects caused by
roughness.. The Lqckheed D-20B airfoil therefore appears
to be definitely unconse”rvative.

The .maxlmunlift coefficients of the NAOA 2418 airfoil
(fig- 8) are not exceptionally high when compared with
slmllar data for other conventiotil sections of equal
thickness; they are, however, higher for all Reynolds
numbers tested thAn those for either the NACA 65 series,
the Lockheed D-20B, or the Vega airfoil sectZons. A
comparison of the minfmum drag coefficients of this section
with those for the other root airfoils reported herein
shows that highest minim~ drag coefficients were obtained
with the NACA 2418 airfoil sec’tion. The pitching-moment
coefficients of this section are, in ~eneral, smaller
than those obtained with any of the other root sections.
The roughness data presented In fl~ure 8 shows that there
is no loss in lift coefficient at low posltlve angles of
attack and no appreciable change in lift-curve slope
except near R@ximum lift. The roughness data also shows
thct the dra~ coefficient increases somewhat more rapidly
with lift coefficient than for the smooth airfoil but
the variation remains normal, Increasing progressively
with increasing lift coefficient. Because only the usual
progressive separation effects are evident the airfoil Is
a conservative airfoil sectior..

The maximum lift coefficients of the Vega airfoil
(see fig. 9) were higher for all Reynolds numbers tested
than those obtalnet?with the Lockheed D-20B airfoil. The
drag coefficients obtained with the Vega airfoil for lift
coefficients greater than c

i
= 0.2 were, in general,

higher than those obtained w th any of the other root
sections. The mlnlmum drag coefficients for the Vega
alrfoll section were lower than those obtained With the
NAOA 2418 airfoil but were somewhat hiqher than those
obtained with the NACA 65-series and the Iackheed D-20B
airfoils. The pitching-moment coefficients for the
Vega section were, In general, about the same or slightly
greater than those obtained for the ?/ACA65-series and
the NACA 2418 airfoils and were slightly smaller than those
obtained with the Lockheed D-20B airfoil. The data presmted
In fipure 9 shows that the addition of roughness to the
leading edge of this airfoil resulted In a reduction In
the slope of the lift curve and caused a rather rapid
increase in the drag coefficient a~ the lift approached Its
mafimum value. This shows that the model was very sensitive
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to leadlng-edge roughness and in all probability the
excessively high drag coefficients for lift coefficients
greater than cl = 0.6 indicates that this would be an
unconaervatlve airfoil section.

A suumary of’the aerodynamic characteristics obtained
for each of these airfoils at a test Reynolds numiberof
approximately 9,000,000 Is presented in table VII.

airfoil-flap model.- The scale effect data In
ained from tests with the flap gap

sealed-and showed that a chanSe in the Reynalds number
from 6,(X)0,00Clto 9,000,000 resulted In an average
increment of 0.07 in the maximum lift coefficient for
the airfoil-flap model for flap deflections of 0°, 4°,
8°, 16°, and 24°.

The effect on maximum lift coefficients of’removing
the flap gap seal is shown In figure 13. The results
indicate tkat no change in the maximum ltft coefficients
was abtained i’orflap deflections frcm @ to 8°; &he
results, however, show that for deflections of 16 and 24°
an appreciable increase in the maximum lift coefficient
was obtained witk.the flap gap open. In terms of percent
increase in lift this represents a 3.7-percent increase
at 16° deflection and a 9.3-percent increase at a deflection
of 24°. The greater lift at these flap deflections, with
the gap open, probably results from better flow character-
istics over the upper surface ot the flap. In order to
determine the best gap dimension for the ?owler flap at
a deflection of 32°, tests were made with flap gap
dimensions of 1.7, 2.2, and 2.7 percent of the airfoil
chord. A gap of 2.2 percent of the airfoil chord was the
normal gap for this flap deflection and figure 12 shows
that a maximum lift coefficlentof 3.15 was obtained for
this gap setting. A decrease in the gap dlmonslon to
1.7 percent of the chord caused a slight cha~e in the
lift-curve slope and reduced the maximum lift coefficient
by approximately 0.6 percent. An Increase in the gap
dimensions from 2.2 to 2.7 percent of the chord resulted
in an Increase of 4.1 percent in the maiclmumlift coeffi-
cient even though the lift coefficients over the greater
part of the angle-of-attack range (see fig. 12) were
soq.ewhatreduced.

The results show that, with a fap dimension of
2.7 percent of the airfoil chcrd and with the flap deflected
32°, a maximum lift coefficient of 3.28 and a maximum lift
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coefficient Increr,ento’f1.84 was obtained for this
model at a-Re~g.~ds nuniberof 9,000,000. This maximum
lift coefficient and mafimti”lift coefficient increment
compares quite favorably with the maximum lift coefficient
of 3.15 and the maximum lift coefficient increment
of 1.65 which was obtained tindereimllar test conditions)
for a 15-percent-thick Boeing W53 airfoil equipped with
a 30-percent chord Fowler flap.

CONCLUSIONS

The results of the aerodynamic investigation of
t-hesix plain airfoils and the airfoil-flap model in the
Langley two-dimensional low-turbulencepressure tunnel
indicate that:

1. The aerodynamic characteristics of no one airfoil
were superior in all reenects to those obtained for any
of the &the= airfoils as-shown by the following table ~f
ckaracteristflcsobtained at a teet Reynolds number
of 9,000,0002

Airfoil

XACA 652-515
(modified)a E 1.0

LookheedD-12A

WACA 65(3~)-419

b -1.0, o~i- 0=5
a = 0.8,Oq = -0.51’
p -0.5, Oq -0.4 j

LookheedD-20B

NACA2418

Vega(modified)*19

0.108

.109

.112

.103

.103

.098

0hnax

1.655

1●555

1.330

1Ji75

l.LJ@

o●0043

.0047

.0046

.ool@

.0068

●oo~

.ange of lift
for low drag

1.250to 0.740

.500to .W

‘.160to .650

1-------------

,-------------

O%.O.

-0.086

-.059

-.047

-.oth

-.O)J+

-.051
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2. The addition of roughness to the leading edge
of the plain airfoils produced marked separation effects
and the resultant increase In drag coefficient was of
sufficient magnitude that the airfoils, with the exception
of the NACA 2418 and Iackheed D-12A, were considered to
be Unconservative sections.

3. The maximum lift coefficient, for flap deflections
greater than 8° could be appreciably Increased by removing
the flap gap peal.

4. The greatest maxh.am lift coeff~cient (c = 3.28)
ifor a flap deflection of 32° was obtained with a lap

gap dimension equal to 2.7 percent of the airfoil chord.

Langley Memorial Aeronautical Laboratory
National Advisory Comittee for Aeronautics

Langley Field, Va.

.-

. .
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TABLE I

[

a= 1.0 Cz

1
=0“5i

NACA65(318)-419 a = 0.8 %i = -Q*5
a = O-5 Czi = 094

(Stationsand ordinates given in
percent of airfoil chord)

Upper Surface

Station Ordinate

o
1. 01

31* 35
2.551

it
. 23
. 10

?
.982
.971

8.543

1
9. 50
10. 51
11,303

k
11. 10

3
;;:771

8
11.3 6
10.5 7
9.601

~:%J

4:909
~.
ZJ?

1;526
o

L.E. radius: 2.184

Lower Surface

Ordinate

-;.265
-1. 03
-1.& 3
-2.431
-3.302
- .966
?- .511
:2.:7

J
:$ 99

k
/2-7:0

-7.115

1
- .019
- .736
-6.305
~5:~67

? 73
z

-t. 30
-3* 7

8-3.0 7
-2.239
-1” 07

7-o.+70
o

Slope of radius t~ough L.E.: 0.201

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS



TABLE II

>...
IKlc~’D-2oB

(Stations and ordinates given
in percent of airfoil chord)

Upper Surface Lower Surface

Station Ordinate “Station Ordinate

o 1.6

#

o
●5 2* ●5 :.86
.75 2*

d
.75 -1.11

1.25

$

1.25 -1,.46
2.50 :7L 2.50 -1.99
5.00 ●9 5:0: -2.67

88
.0 8.00

1 ● 0 9.18 1?.0
i
: :2$

15 10094 :5 :k.~
20 12,1

z
20

25 13.0 25
!

$ 1
3; ;3● ;+

?

3;

d ?
-5:8?

4;
:02

k;
-5.98

13.76 -5.98
50 13● 20 50 -5.83

f?
: 12.l+o

2
; -5● 50

65
11.37 - .02
10*1O 65
8.6

q+
70

1
t

7; :3: 2
g 7.2

i
z

-3.1

85
979 -205

8:
z

2*38
90

?

-1● 91
90

&
-1.28

1: 5 p: t ;963
o

LE. radius is 0.0256c on a line 18°-40? Xrom
the chord.

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

L-



. .

MR No. L5121

NACA 2418
,.

(StatlOns md Ofilnates given
in percent of airfoil chord)

Upper Surface Iawer Surface

Station Ordinate Station Ordinatx

o ---- 0
1.25

!

.28 1.25
●45

-:*4
2.50 2.50 -.
5.00 .03 5.00

J. 50
?)

● 17 $50
?!!
j :;8

15 29:$ 15 ‘ -6:7{
20 M#5 20 -~.o
25

d
25 8

?

:7;;2
o 10:
0 10. 1

i
i: z

2

- .71

: z
“*9

2
0

.65
-5.9

0

1
0

-5.J
7.02

z
o :~.gg

5.08
9: 2.81
~~:

9; -i: 3
1.55 l;; &
(.19) (;:19)

100 ----- 100

L.E. radius: ‘3.56 ~~
Slope of radius through L.E.: O,1O
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TABLE IV

mw AIRFOIL (MODIFIED NACA 2419)

(Stiationsand ordinates given in ‘
,,”per.cenkof airfoil.choti)

Upper Surface . Lower Surface

Station Ordinate Station Ordinate

o 0
0.50 ~.018 .50 -!.380

975 2.38
2

●?5 -1.724
1.25 2.96 1.25 -2.237
2.50

$~z
2.50

?1
- .11

5.00 5.00 - .20
7.50 .7

I&

J* 50 =4. 3;
. 7: ?

?; 15 U::22
20 9:929 20 -6.836
25 10.706 25 -7.210
30 11.212

J?

3;
~ 11.472

11.’507 i
j:gxJ

45
%
“o 4: :7::

50 B: 7

i

50 U

22
10●

9 ?? 23 i;?
- ;6
- .1

65 8;! 4 65 - .501
7; @ 70 i%

z
●759

z
: :4:!0 “

Q
z

● 515 -3.190
.190 85

% .
:;*$~5

2.808
p:

~;
1.408 -0:71?
0. 100 0

Leading edge radius: 3.055
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TABLE V

NJLCA652-515 (modified)a = 1.0

(9tationsand ordinates given in
percent of airfoil chord)

Upper Surface kwer Surface

Station Ordinate Station Ordinate

o 0 0 0
.268 1.22
.491 ?

.732 -997
1.50 1.009 -1.15z

z
.9 8

k
1.9 5

8:: 32 k
-1..09

$:222 i:xl; ?
-1; 35

5. 7
8 $

:$: 3;
7.106

$:8;;
t
.603

7. 94
10.397 -3.2&6

I .621

8$

● 17
1 .657
?

.20
8.99

$~X3 :{::2
$ :7;5

Zlz 1
9.5 8

3*1 9.9 8 ~’:il 3:E;
.879

224
10.1 5

z
0:121

45.059
&&

.9 1
50.000

l;:12~
50..000 -4:410

?
5.054

?!
,,58 54:9$: ~~. 82

0.099 . 11
Z & i?

5
65.135 8:;39 5 -2: 9
7;.;;0 ~ 73 6 :840

?
-2.3J~

K;$ $g ~+~ ::%

90..139
95.093 1:585 ?
100.000 0

~:o:g:; ::%:
● o

L.E. radius: 1.505
Slope of radius throu@ L6E.: 0.211
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TABLE VI

MCKHEEDD-12A

(Stations and ordinates given in
percent of airfoil chord)

Upper Surface

Station )rdinate

o
1.91
2.19
2.62

J?
.46
:72

?l
7:9;
9.01
J ● ~~

10:32
10.20
9-73
9.10
8.36

12
.3
● 3

5.70

$:52
2.8,5
1.90
0.95

Lower Surface

Station Ordinate

o
---
..-
.963

1.200

t
;. ;;

1:670
1.736
1.761
1.7 8

iL.7 7
1.792
1.797
1.799
1.799
1.782

z
10 33
1. 10
1.383
1.150
.925
.695
.460
.230

0

L.E. radius is 0.015c on a line 22° from
the chord. -
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TABLE VII

SUMMARYOF THE MORE IMPORTANTAERODYNAMICCHARAC’lZRIST!ICS
OF THE VAIUOUSAIRFOIL SECTIONS

Reynolds dcL c1= C%n
range of lift cm

Airfoil nunber ~ for low-drag a.c.

NACA 652-515 (mod)
8.7 x 106 0,108 1.655 0.0043 0.250tO 0.740 -0,086

a = 1.0

LockheedD-12A 9.0 X106 0.109 1*555 0.0047 0.500to O.*O -0.059

NACA65(318)-.419

[1a=l. O cl ~= O*5 9.0 x 106 0.112 1.460 0.0046 0.160to 0.650 -o● 047
a=o.8 CZi=-0.5
a=O.5 Cli=0.4

LockheedD-20B 8.9 X106 0.103 10330 0.ool+8 -------------- -00060

NACA2418 8.9 X106 0.103 19475 0.0068 -------------- -0.04.4

Vega (mod)2~9 8.9 X106 @.098 1.440 0.0053 -------------- -0.051

E
m
z
0.
r
WI
u

NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS
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MR No. L5121

a = 1.0
a = 0.8
a = 0.5

Lockheed D-20B

NACA 24.z8

Vega

NACA652-515 (modified), a = 1.0

Lockheed D-12A

FiguPe l.- A sketch of the various airfoil sections for the wing of the Vega XP2V-1
airplane.
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Vega airfoilm

NACA

Figure 2.-

2419J
NATIONAL ADVISORY

COMMITTEE FORAERONAUTICS
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A comparison of the airfoil profiles of the Vega and the NACA 2@.g airfoil r
sections. U
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6 .9airfoil lower surface

FlaP piVOt pOtit

ONDIW’JSSOF FLAP NOSE
1-

-..~ COMMITTEE FO AIRWAUTKS

Figure 3.- A sketch showing the genera?.model arrangementt, the flap profile, the flap ordinates and the gap dlmennlons
for th. Vega .9irf0i’bflaD model.
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Figure 6.-
L

Sactianaerodynamic characterletlcs for ttm NACA 65(318)-1+19 :: ~:~~ ~;~ :-0. -,.J .irr.il;

proposed root section for the wing of the Vega XP2V-1 airplane. lbsta, !ID!C335, ~.
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Flap deflection
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Figure 10.- Section llft coefficlellt

~poaed root section for the wing d
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